particles were prepared in aqueous solution by a simple coprecipitation method and a suitable heat treatment at 500°C. From the experimental X-Ray powder diffraction patterns, a Rietveld analysis was carried out and it was determined that the nanoparticles are single phase trigonal GdOF. Electron microscopy images show that the average particle size is approximately 25 nm, even though a certain degree of agglomeration is evidenced. The spectroscopic properties of the lanthanide doped nanoparticles are investigated in terms of emission spectra. For proper lanthanide concentrations, the nanoparticles show visible upconversion upon excitation at 980 nm, making them useful as luminescent nanomaterials for photonic applications.
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Introduction
Significant efforts have been undertaken in the recent past to develop new nanostructured lanthanide doped luminescent materials for their possible use in cutting-edge photonic applications [1, 2] . In particular, these materials have been demonstrated to be of paramount importance in light emitting diodes (LED and organic LED) [3, 4] , solar energy converters [5, 6] and as materials for biomedical applications, in particular in the field of optical imaging [7, 8] . Recent research activities have been devoted to investigations on new lanthanide doped nanocrystalline hosts showing strong luminescence [9] . The preparation method of the materials is also of great importance as it should be easy, fast and environmentally friendly.
Lanthanide doped luminescent fluoride nanocrystalline materials are currently being intensively investigated, due to their low phonon energy cut off and in turn to their low probability of the multiphonon deexcitation pathways [10, 11] . Oxyfluorides have been also studied as hosts that can easily accommodate luminescent lanthanide ions as dopants. Few papers have appeared in the literature reporting the synthesis and spectroscopic properties of lanthanide doped based oxyfluorides. For instance, bulk samples of Eu 3+ or Tb 3+ doped lanthanum, gadolinium and yttrium oxyfluorides [12, 13] , thin films of Eu 3+ doped LaOF oxyfluoride [14] and Eu 3+ doped gadolinium fluoride nanoparticles embedded in a silica film [15] have been recently studied. Moreover, cubic gadolinium oxyfluoride nanoparticles doped with lanthanide ions have also been prepared starting from trifluoroacetate precursors in highboiling solvents and their luminescence properties have been investigated [16] . 99 .9%) were used as starting reagents. 0.886 mmol of gadolinium nitrate were dissolved in 25 ml of water together with a stoichiometric amount of the other metal nitrates. A proper amount of an aqueous solution of ammonium fluoride 3.98 mM was then slowly mixed to the metal nitrate one, under stirring, in order to maintain a 1:1 metal-to-fluoride molar ratio. The pH of the solution was then adjusted to 10 by adding drops of 1.0 M NaOH solution and the resulting solution was then heat treated at 80°C for 2 h under stirring. The precipitates were filtered, thoroughly rinsed with copious amounts of deionized water in order to remove the residues of the nitrate and ammonium ions. Subsequently, the powders were dried at 90°C overnight and then heat treated in air at 500°C for 5 h.
X-Ray powder diffraction
X-Ray powder diffraction (XRPD) patterns were measured with a Thermo ARL X TRA powder diffractometer, operating in Bragg-Brentano geometry, equipped with a Cu-anode X-ray source (Ka, k = 1.5418 Å) and using a Peltier Si(Li) cooled solid state detector. The spectra were collected with a scan rate of 0.003°/s, time of exposure 9.0 s/step and 2h range of 24°-90°. The phase identification was performed with the PDF-4+2008 database provided by the International Centre for Diffraction Data (ICDD). The powder samples were ground in a mortar and then deposited in a low-background sample stage for the XRPD pattern collection.
Transmission Electron Microscopy
Transmission Electron Microscopy (TEM) and high resolution TEM (HRTEM) images were taken with a JEOL 3010 high resolution electron microscope (0.17 nm point-to-point), operating at 300 kV, equipped with a Gatan slow-scan CCD camera (model 794) and an Oxford Instrument EDS microanalysis detector (Model 6636). The powder was dispersed in a toluene solution and deposited on a holey carbon film.
Luminescence
Luminescence spectra were measured using a diode laser at 980 nm as the source (Coherent 6-pin fiber-coupled F6 series 980 nm laser diode), coupled to a 100 lm (core) fiber or at 488 nm using an Argon laser (Coherent Sabre Innova). Emission radiation was detected in both cases by a thermoelectricallycooled Hamamatsu R943-02 photomultiplier tube. The signal was processed with a SR Standard Research Systems Preamplifier and recorded using the Standard SR465 software data acquisition/analyzer system.
Results and discussion

Structural and morphological characterization
The XRPD powder patterns of all the synthesized compounds clearly show the presence of a single trigonal crystal phase with space group R-3m (space group no. 166) according with the reference card no. 00-050-0569 of the PDF-4+2008 database. A Rietveld refinement [18, 19] exploiting the trigonal structural model proposed by Hölsa et al. [20] for SmOF, was carried out on the powder pattern for the Tm 3+ /Yb 3+ codoped oxyfluoride sample (see Fig. 1 ).
In this compound, of GdOF composition, all the ions (Gd 3+ , O 2À and F À ) occupy the same number of symmetrically equivalent positions with the same C 3v site symmetry. In addition, the cell lattice parameters and the average crystallite size were [21] ). TEM and HRTEM images (see Fig. 2 ) show that the nanoparticles have a roundish shape and an average size around 25 nm, in agreement with the results of the Rietveld analysis of the XRPD patterns.
A certain degree of aggregation of the nanoparticles can be noted from the TEM images.
Luminescence properties
The Stokes and upconversion spectra of the Er 3+ /Yb 3+ GdOF codoped sample, shown in Fig. 3 , highlight the characteristic emission bands due to 4f-4f transitions of the Er 3+ ions. The Stokes spectrum has been measured upon laser excitation at 488.0 nm, which directly populates the 4 F 7/2 of the Er 3+ ions. As a consequence, the 2 H 11/2 and 4 S 3/2 levels are populated by non-radiative multiphonon relaxation (MPR) and emissions from these levels are observed in ) and are in thermal equilibrium, this behavior could be explained by the presence of a local heating of the sample, under 980 nm NIR excitation. This heating will induce a population increase of the 2 H 11/2 higher lying level and therefore a stronger emission intensity. This behavior is well-known and it was already observed for other Yb 3+ /Er 3+ doped nanocrystalline samples [22] [23] [24] . The Stark level structure of the emission transitions is clearly evident, indicating that inhomogeneous broadening is not very important in determining the width of the emission bands. This behavior points to a quite ordered environment around the lanthanide ions, similar to that found for Er 3+ , of tetragonal crystal phase), for which very broad emission bands are observed [17] . Therefore, in this latter case, a much higher amount of local disorder is present around the dopant lanthanide ions with respect to the present GdOF samples. The UC spectrum observed upon 980 nm laser excitation consists of two distinct green and red emission bands similar to those observed in the Stokes spectrum (see Fig. 3 ). The yellowish emission (see the CIE coordinates, described below) can be easily seen by the naked eye, indicating that quite efficient UC emission has been achieved in the present material. Since the Yb 3+ concentration is relatively high (10 mol% with respect to the Gd 3+ ions), the UC mechanism can be explained by an energy transfer mechanism (ETU) [29] , shown schematically in Fig. 3 (inset) crystalline lutetium gallium garnet sample prepared by a propellant synthesis [28] . As mentioned for the Er 3+ /Yb 3+ sample, an ETU mechanism is very likely to be present, as schematically shown in Fig. 4 (inset [32, 33] and GdF 3 [34] . In Fig. 5 (inset) Fig. 6 ). In the 1/ 1/1 triply doped sample, the Yb 3+ ions have a much lower concentration (1 mol% as for the Er 3+ and Tm 3+ ions) and therefore an excited state absorption (ESA) UC mechanism could be also present, contributing to the UC emission [36] . An investigation on the relative contribution of the ETU and ESA processes could be clarified by a detailed study of the excited state dynamics, which lies beyond the scope of this paper.
A CIE (Commission Internationale de l'éclairage) analysis [37] has been carried out for all the prepared nanocrystalline samples. The (x, y) CIE coordinates have been calculated from the UC spectra, which were corrected for the detector response, multiplying the spectrum by each of the three color matching functions, after a proper normalization. /Yb 3+ doped sample shows a strong NIR-to-NIR upconversion in the 800 nm region upon 980 nm laser excitation. Moreover, we demonstrated that the present GdOF nanocrystalline hosts show UC emission of different colors and, with a proper choice of dopant lanthanide combination and molar ratios, this emission can be tuned across the visible range, and even concentrate all the UC emission in the NIR range, as desired, as evidenced by the CIE color coordinates of the differently doped GdOF nanocrystalline samples. As a conclusion, these materials are promising candidates that could be considered as NIR-to-visible and NIR-to-NIR upconverters, for instance in biomedical applications.
